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PARSoNS, RODNEY L., W. W. HOFMANN, AND GEORGE A. Recent studies in this laboratory (io) have shown that
FEIGEN. Mode of action of tetanus toxin on the neuromuscular junction. impure tetanus toxin has, in addition to the classical
Am.J. Physiol. 2 10(): 84-go. 1966.-Studies on the source central effect, a direct action on the skeletal-neuro-
of the activated spontaneous discharge of miniature end-plate muscular junction. The peripheral effect was recognized
potentials (MEP~s) by tetanus toxin indicate that the MEPP's by an increase in the frequency of spontaneous miniature
are thow. whose release mechanism is both calcium- and volt- end-plate potentials (MEPP's) as recorded intracellularly
age-dependnt. The potentiation of spontaneous release by
toxin did not occur in the absence of calcium or magnesium; it from the intercostal muiscles of the mouse. It was also
was enhanced by increasing the calcium concentration. These shown from a comparison of the effect of toxin at various
results, together with the observation that depolarization by temperatures that an additional activation energy of 7
potassium blocked or reversed the peripheral effect of tetanus kcal is required for the MEPP-potentiating action of
toxin, suggest that the toxin acts by lowering the presynaptic toxin. Since adsorption of the centrally acting teta-
resting membrane potential. Studies of the direct effect of toxin nospasmin on protagon removed 98 7 of the central
on neuromuscular transmission in the rat phrenic nerve-dia- paralytic power but left the peripheral action unalered,

phragm preparation indicate that the toxin decreases the prob- it was evident that the peripheral effect was caused by a
ability of transmitter release by a nerve spike, the rate of initial principle distinct from tetanospasmin, although the
transmitter depletion, and the level of sustained transmitter effecs dfbtncom etoldmbe bl o urareoutput. effects of both components could be blocked by curare

pand by specific equine antitoxin. The change in MEPP

miniature end-pla:e potentials; spontaneous neuiomuscular frequency at 37 C caused by toxin thus far has appeared
activity; neurotoxin; neuromuscular transmission; bacterial to be limited to an increase of approximately 5o ;.
toxins; transmitter release; transmitter depletion; intracellular The object of the present studies was to determine
potentials whether the MEPP's affected by toxin are of the kind

whose release is dependent on the presynaptic membrane
potential (9), and to assess the effects of toxin on impulse
transmission when the probability of transmitter release

BROOKS, CURTIS, AND ECCLES (I) have suggested that. a

the site of the central paralytic action of crystalline
tetanus toxin is at the synaptic junctions between the MATERIALS AND METHODS

specific interneurons of the inhibitory pathway and the
motoneuron, and that the characteristic paralysis results
from blockade of spinal inhibition. The mode of chemical The electrophysiological assay techniques on the mouse
action is not known, but studies by van Heyningen (26, intercostal preparation have been described previously
27) on the nature of the chemical receptor substance have (to). In the present study male Swiss-Webster mice,
shown it to be a water-soluble ganglioside which exists in averaging 2o g in weight, were killed by decapitation; the
nervous tissue as water-insoluble complexes with cere- thoracic cage was removed quickly and one-half of it
brosides and sphingomyelin. It is also significant that the mounted in a Perspex clanip, which was then positioned
centrally acting "tetnnospasmin" can he inactivated by in a muscle bath (24) containing test solution. After an
adsorption with these cerebroside-ganglioside complexes. equilibration period of 2o min, NIEPP's were recorded

from to to 15 cells. Toxin was then introduced and after
Received for publication i July 1965. a lapse of io min the recording procedure was repeated.
'This study was supported by Contract NONR 225(46) be- ps of the recording pedu s repeated.

tween Stanford University and the Office of Naval Research, and Studies of the direct effect of tetanus toxin on neuro-
by Public Health Service Grant-in-Aid HE-o3693-o6. muscular transmission were performed in vitro on the rat
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diaphragiu-phrenic nerve preparation (i). F~or these TABLE 1. Influi'na of liotossium on 1wr/lheral ait nn
e'xperimlents rats of the Wistar strain, inselecter! as to sex, of tetanus toxin 0t37 C
weighing between .2m and Tit) 9 were uised. The left =--- ---- = ---

hentidiaphragin with the phrenic nerve intact was re- A.~v

mtoved tnder profound ether narcosis and the a nitmal 1KtIV~ 2  
IT-mnr~t t - e, Aftc TPoxi N

sacrificed. The ituscie strip and attached nerve were m
immtedia tely immenrstcd in well -oxygen attd physiological ---

solution and pinned uinder slight stretch on a parallinl :J.o 3 .5 1 672+0,T 9-89+0J.78 +47.2 9
holder which was thent transferred to the imuscle bath. 5 6 9.t 3+0 .64 t3 .6+1_21 +49.6 13

Recordings of EPP's were miade when neutrointscular 1.0 I 28.29+15-8 1 1(% 3.96=E.I +.7 9
transmission was partially blocked, either by to nm if).0 30 742.551 4.97 500. 10+9.68 -32 .7 4
inagnesiuim and 1.5 num calcium or bycurare in concen- -- *-- - - - - - -

trationis ranging from Y to 5 X to-- q 'nil. The qutantumi Values taken front Crrxnian Lecture by Katz 11)

content of the EPP's was determnined in one of two ways t prea rtioun. : omuputed fromt av'erage frequencies; of
N ppartios. Inthe presence of m .iq X in-3 moe'n'!

according to the conditions of the experimtent: in the tetanus toxin riT) 5q4 )lnlhhcfCft.t(l
presence of high concentrations of inagnesitimi the )B ia ihcnetain

clitamtum content (in was determined by the ratio of the
mean EPP amplitude to the mean NiEPP aniplitudce Appairatus
(3, t8); in curare it was dleter..d-ned from the ratio of the Resting mnembrane potentials and transients were
variance to the mecan EPP amtplitumde in trains of ini recorded with KCI-filled micropipettes connected by an
pulses ('23). Ag-AgCI bridge to the input of a cathode follower

Toixin circuit (24). The potentials wcre displayed on d Tek-
tronix (Tektronix Inc., Portland 7, Ore.) 502 twin-beami

A partially puirified preparation of tetanus toxin oscilloscope and photographed vith a Grass (Grass
(Tl)5 4B) was obtained as a lyoiphilized powder from D~r. Instrument Co., Quincy, Mass.) oscilloscope camera.
R. 0. Thomson of the Wellcomne Research Laboratories, When reqiiired, EPP's were elicited by stirmulation of the
Beckenham. Preparation TI)5 94B contained 4 X 106 phrenic nerve with repeated siipranaxirnal squoare-wave
mnIoImSeLD,f, 'tug; itwas4'2'; protein and had '278 Lf U "lug stimuli delivered either by a Grass S4 stimulator or by an
protein. -lrcnrfia analysis showed three distinct American Electronic Laboratories (Colnar, Penna.)
components in the crude preparation, the major coin- 104-2 stimulator, at frequtencies of either -25 or 50
ponent having a sedimuentation constant Of 7S (Svedbcrg cycles, sec for 1 -2 Sec.
units) and two minor components having sedimentation
constants Of 4S and 13~S. For electrophysiological testing Solutions
the toxin was dissolved in 0.15 m phosphate buffer (pH
7.0) containing o.m i " (w 'v) gelatin. The concentration of The tissuies were maintained in a continually renewed
toxin used in these studies, between io-4 and io-1 ing'mul, physiological solution as described by Liucy (17). The
was sifficient to produce a maximal stimutlation of perfusion fluid was constantly circulated and was
NIEPP frequnency. saturated with 95"; 02 + 5"; C0 2 by means of a lift-

pump system similar to that described by Szekeres and
Vaughan Williams (23). The temperature was con-
trolled by mecans of a Techne (Techne (Princeton) Ltd.,
Princeton, N. J.) Ternpunit TL8, and unless otherwistc

- ' ~ 'indicated all experiments were carried ouit at 37.0 ±1
* ~~ ~ ~ ~ 0 1 -~'* ., C.

-' * The addition of \1C02 , CaCI 2, and KCI was coin-
-. ;,.. ensted for by omitting an osinoticall\ equivaen

amouitnt of NaCI frotu the inedimr 0m2). Suilstituttion of
NaN03 and of NH 4CI for NaCI was made on an eqimno-

f 4. V..' ... ,,lar basis.

'-*- .,~ RESULTS

'~~ Source of Activatd Spontaneous Dis'harge
Fir. t. Potentiation of the peripheral action of tetanus toxin

by calcium. Specificity of activation. The possibility that the increased
FIG. 2. Influence of magnesiumu on the frequency of the spon- NIEPP frequency observed in the presence of toxin was

tancous discharr. 'due to contaminating cations such as K+ or Ca-~ was
Fic. 3. Depressant effect of uuagnesiuml on the peripheral action elmntdi h peiu.td to.I h rsn

of tetanus toxin. The ratio of the MEPP frequency in x nmNg eiiae ntepeilssuy(o.I h rsn

to the MEPP frequency in o nm MR s expressd as a f .unction stutdy we have ruiled ouit the nonspecific influience of pro-
of the external magnesium concentration. teins by testing bovine gammna, globuilin and bovine
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s&rum albumin in concentrations ranging froia 1o-" TABLE 2. Interaction between .H,4 and tetanus toxin on
to io - 1 ng'il, and tetanus toxoid in a concentration mammalian n;niature end-plate potentials at 37 C
range of to-- to 10-2 mg/nl. None of these substances --------- .- .... - - -- -

had any measurable effect on the random discharge of %1 'ian I Ippr,.. rEPP Ampl. No. of
!iRP, mV; S ss. Fiber%

Influence of calcium af:d magnesium ions. Calcium and Control o . 8-33+0-80 0.580.04 -23

magnesium ions act antagonistically on the frequency of o'-, N I1 58.7 0 -l27;*- 1 .0 40O-O -27
spontaneous discharge at the mammalian inyoneural to" Nllj*+toxint i58.t I1.61I-.33 o.32 ±o.02 29

junction. Increasing the calcium ion concentration
Control 62,t.3 iO.C8:O.71 0.4JOOY3 24

augments the frequency of MEPP's, whereas raising the 2511* NI1 4  44.1 ' 123.o7+18.n4 1o.20+0.02 7
magnesium ion concentration depresses the spontaneous j5", NlI1,+toxint 43.6 055.R9±I.54 o.19o.A 25 . .

- - rate of discharge (3). Magnesium acts solely by reducing - .. ...

the potentiating effect of calcium, but in itself it is with- * Control ineasuretnents in l.iley's solution; test tineasure-
tinfluence on MEPP freqiency (3). The sane antag- mients in Liley's solution in which either tor; or 251" of NaC! isoutreplaced by NI ICL. + Toxin (TD5.4B) added to give final

onism is clearly seen in relation to any agent which bath concentration of l.39 X io" mg/ml.
increases the MEPP frequency by depolarizing the
presynaptic menbrane. Consequently depolarization- no effect on NIEPP frequency when calciumn ions were
coupled potentiation of MEPP frequency becones lost in omitted front the perfusion fluids. However, when
the absence of calcium, augmented by increasing the calcium was introduced and its concentrmtion increased,
calcium concentration above normal levels, and de- the effectiveness of the toxin was potentiated. For a given
pressed drastically by high concentrations of magnesium Inaximal dose of toxin, the increase in MEPP f requency
(6, icg. Connidering the importance of these two cations, was io"; in i m calcium, 5o'; in 2 mm calcium, and
tha potentiating effect of toxin was studied while the 53 t in the solution containing 5 niM calcium.
calcium and magnesium ion concentrations were varied An examination of the control MEPP frequencies
independently in the range 0- 5 nM for calciun and 0-3 recorded in various 'concentra.tions of magnesium as
mm for magnesium. shown in Fig. .2 shows an inverse relationship between

The mean frequency of MEPP's increased as the frequency of discharge and external magnesiun concen-
calcium concentration was increased in the range 0-5 tration (calcium concn 2 niM/liter). By progressively
rM: the average frequencies were 5.31 4- 0.39 sec-l (3 increasing the magnesiun concentration from o to 1, 2,
preparations-ca. 6o fibers), 9.13 :f- o.64 sec- (23 and 3 niM, the mean rate of spontaneous activity was
preparations), and to.go - o.89 sec - (3 preparations) -t reduced from 14.14 =h 2.67 sec - ! (8 preparations) to
calcium concentrations of o, 2, and 5 11M, respectively. 9.13 -[- o.64- 7.20 =- o.91, and 6.1 1 =1= o.83 sec - ', respec-
The 42"; reduction of MEPP frequency When the tively. This nagnesitt.ni-induced depression of the NIEPP
normal 2 m. calcium solution was replaced by calcium- frequency is greater than that described by Hubbard in
free medium is similar ir, magnitud to that previously 1961 (13); his results, however, were obtained from the
observed (13). From an examination of Fig. i in which rat phrenic nerve-diaphragm preparation, and the
the MEPP frequency is expressed as a function of the average reference MEPP frequency observed in the
calcium concentration, it is seen that the toxin exerted absence of magnesium (4.2 sec - ') was considerably less

than that in the mouse intercostal preparation (14. 1
L21 .. ... seC-') used in the present study.

- -,, From Fig. 2 it is evident that magnesium is essential to
... the initiation of the toxin-activated MEPP discharge;

there was no acceleration of MEPP discharge by toxin
-  .when magnesium was omitted from the external solution.

. In Fig. 3 the ratio of MEPP frequency in x m magne-
sium to MEPP frequency in o mM magnesiun is plotted

a o .. " as a function of the external magnesiun concentration
(x) for control and toxin-treated tissues. If the action of
toxin had been potentiated by an increase in the magne-

0 t .sium concentration, the control and toxin lines should
, , have diverged. Although the two lines appear to con-

FIG. 4. Interaction between potassium and tetanus toxin oau the verge, the standard errors of the frequencies as shown in
rate of spontaneous discharge. A: MEPP frequency plotted as a
function of the external potassium concentration (logarithmic Fig. 2 are such that no definite conclusion regarding the
coordinates). B: spontaneous discharge rate expressed as a loga- relationship between miagnesitun concentration and
rithniic function of the depolarization produced at the various toxin potelitiation of MEPP discharge can be drawn.
concentrations of potassium. ffect of presynaptic depolarization. The purpose of this

lm. 5. Influence of toxin on the rate of initial transmitter de- se t of pres a st der in the purpos of
pletion. Each point repre-cnts average of sevarJ fibers plotted as. series of experiments was to determine the effectiveness of
percent of meaTs initial end-plate potential amplitude; stimulation a constant dose of toxin after the nerve terminals had
rate 5o cycles/ ec. been depolarized either by increasing the external
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TABLE 3- Efect of nitrate on MPP frequeny in frequency. When io'; of the NaCI was replaced by
letanus toxin at 37 C NH,('I, the mean resting discharge rate at 37 C in two

Control Fre., Test Freq.,* experinents increased fro, 8.33 -- 0.8o to 1o.27 -b 1.02
NO,; No. ofPrel,. %cc- ' (Table 2). After the subsequent addition of a

0 9.13+0.64 t:j.f* ..21 49.6 13 maximuin effective dose of toxin, the freqtency vas
25 Il0.53 A: 1.37 16- .0.1fI 529 0 4 further increased b only 13'; to 11.6i - 1.33 Si-c-I

510 II.Ot.'e.q8 16.3*::1.88 4J.137 Concurrently, there was a small drop in the ninit
1) 24135 17.28+.1 33-74resting potential and a 3o"; decrease in the inean M EPI'

In the presenc- of 1.14 X to lg/Ill tetanus toxiln amplitude. In two separate prep rations a 25'; replace-

(TI54B)" inent with NHC'1 increased the .MEPP frequency 12-fold

over the control: front io.o8 -: 0.71 to 123.07 ±- 18.04

potassitun concentration, in the range of 3- 2o "i"I, or by e'C. The subsequent addition of the same dose of toxin
substituting NHICI for NaCI. depressed the iEPP frequency 33' :, from 123.07 -

The relationship between NIEPP frequency and 18.04 to 5.589 + 12.54 sec- '. At this iagnitude of
external potassittin was similar to that reported for other replacemnent, the resting potcntial of the nuscle cells
nuainialia~l tissues (19). The logarithmnic plot of control dropped by approxiniately 2o in, and the average
frequency as a function of external potassiumt concentra- .M EPP amplitude was only 5o'; of that recorded in the

tion was linear between 1o and 2o Uim, as is shown in normal solutions (Table '2).

F>- 4 .4. It is apparent front Table i and Fig. 4.4 that, as Furukawa et al. (i i), in 1957, reported that in the frog

the potassiumi concer.:*ation was increased, the MEPP- fibrillation of the muscle fibers occurred when NHCI

stimulating effect of toxin diitinished. No significant was substituted for NaCI. The fibrillation apparently oc-

toxin potentiation occurred at a potassium concentration curred because the nuscle cells were not depolarized as

of io niM, and with concentrations above 13 nim toxin rapidly as the nerve terminals; consequently, the outburst

depressed the frequency of random discharge. From the of MEPP's caused fibrillations of the nutscle fibers. In

plot of the logai ithni of the NIEPP frequency as a linear those studies carried out at 37 C we did not observe

ftnction of the anouint of depolarization produced by the fibrilation, probably because the muscle cells were

respective external potassium concentrations (Fig. 4 B), it rapidly depolarized. In one preparation tested at 25.5 C,

appears that when the nerve teriinals are depolarized by however, in which 25 "' of NaCI was replaced by NHCI,

10-20 unv there is no activation of NIEPP frequency, the mean frequency increased from 1.16 (16 fibers) to

Above 20 nuy of depolarization the effect of toxin is 128.40 sec- (7 fibers). In this preparation there was

reversed front a MEPP-stimiulating to a NIEPP-depress- somne evidence of fibrillation, and the amplittide was

ing action. reduced only 18"; from 0.4-2 to 0.35 my. Whereas, at

In order to exclude the possibility that the MEPP 37 C, the muscle cells were completely depolarized within

reduction which occurred in the potassitun solutions ic nuin after the addition of NH 4CI, the depolarization at

after adding toxin was the result of depletion of trans- 25.5 C appered to be slower, requiring soine 20 30 rin.

riitter stores, the depolarization experitnents were At both temperatures the naximal increase in frequency

repeated after prolonged exposure of the tissues to the was reached within to in after the NH1 CI solution was

high-potassitni solutions. Tissues inaintained in high- addet.

potassitini solutions for as long as 60 niun before testing Importance of chloride ions. The reversal of the toxin effect

continued to liberate quanta at frequencies not signifi- at a given level of depolarization suggested that the

cantly diffetent frot those of the preparations tested activation might have been related to a condtictance

inulmediately. change involving somte ion such as chloride, whose

Because the amplitude of the NIFPP is determined equilibritun potential had been reached. Substitution of

partially by the level of polarization of the postsynaptic another anion with different conductance properties for

mutscle fiber, the size of the miniature potentials was chloride might then be expected to alter the response to

diminished in those solutions containing high concentra- toxin. It is apparent from Table 3, however, that sub-

tions of potassium. However, the decrease in amplitude stitution of nitrate for chloride neither potentiated nor

was not great enotigh to interfere with accurate measure- depressed the action of a maximal effective dose of toxin.

mient of the frequtency of the spontaneous discharge. The Summary. Frot the studies concerning the source of the

noise level was approximately 5o Av and the nican MEPP activated MEPP discharge it is apparent that the action

between 40o and 5oo usv; thus, a NIEPP amplitude re- of toxin is dependent on the level ofpresynaptic polariza-

duced by 5o'; would still be four to six tites greater than ton id on the e of prexenaptic poi-tion and on the character of the external ionic comnposi-
the noise level. tion. The MEPP's activated were found to be of the

When the nerve terininal was depolarized by an-

moniunt ions (i I) a decrea:z in the effect of toxin was calcium-dependent, voltage-dependent type (9). The

seen similar to that obtained with potassium. It will be activation of random discharge by toxin required magne-

recalled that after a depolarization of more than 2o niy sitam and was potentiated by calcium, suggesting that the

(as estimated frot the relationship given in Fig. 4B) the increased spontaneous discharge is linked to a depolariza-

toxin depressed rather than potentiated the MEPP tion of the presynaptic terminals (13, 19).
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Direct Effect on Neuromuscular Transmission was reduced by 23 ', from 1.39 -1= o.o6 to 1.07 :E 0.02

after the addition of toxin.
In order to determine the effects of toxin on certain Effect on transmitter depletion and mobilization. The effects

aspects of stinmtlus-linked neuronuscular transmission, of toxin on transmitter depletion and mobilization can
more specifically, on transmitter release and replenish- be studied when neuronuscular transmission is blocked
ment, a series of experiments was performed in the rat with curare (19). In a train of EPP's elicited by repetitive
phrenic nerve-diaphragiu preparation. stimulation of a curarized preparation, the first EPP' is

In a train of impulses evoked by repetitive stimulation, usually the largest, and sequential responses show a bcief
it is possible to determine whether a given agent has decay of amplitude followed by a steady "plateau."

altered the depolarization-coupled release, and whether The rate of depletion of the store of readily releasable
it does so by increasing the probability of release or the transmitter was determined by plotting the sequential
available store of readily releasable units. The effect of responses as ratios of the original response (19-22). The
toxin on the probability of release was first determined rate of transmitter depletion was decreased in the pres-
when the quantum content was reduced to the level of ence of toxin, as is shown in Fig. 5. In the control fibers at
one quantal unit by elevating the external magnesium 37 C, the second response was reduced to 95 '" of the
and reducing the external calcium. The effect of toxin on first, whereas, after the addition of toxin, the average
transmitter depletiun and nobilization was then studied second response was potentiated to iO7 ' of the first.

. ......... after blocking .ieuromuscular transmission by curare. This sparing effect on the rate of t ansiltter depletion
Effect on quantum content. When neuromuscular trans- in the presence of toxin could result either from a reduc-

mission is partially blocked by elevating the magnesium tion in the amount of transmitter ti lprated or from a
and lowering the calcium ion concentrations, the proba- more rapid replenishment of vaca d metbrane sites.
bility of transmitter release initiated by a nerve spike There did occur a reduction in the amount of trans-
becomes very low (3, 4, 7, 8); under these conditions, the mitter liberated; at 37 C the mean content of the first
quantum content can be calculated simply by the EPP in a train Was 165 quanta, while in the presence of
expression toxin the transmitter content of the initial EPP' was

reduced by 5o " to 83 quanta. To test the second possi-
mean EPP amplitude bility, the ef'ct of toxin on the level of sustained trans-

mean MEPP amplitude mitter release was determined. The data in Table 5 show
that the mean level of sustained output at 37 C was

When neuromuscular transmission was depressed by reduced from a control value of 108.7 J 13.3 to 79.2 E

magnesium (3), tetanus toxin had an effect on both the 4.5 quanta/impulse after the addition of toxin. This

spontaneous release and the probability of release by the observation indicated that toxin had no stimulating

presynaptic nerve impulse. In the presence of toxin effect on the rate of transmitter repleishment.

(Table 4) the spontaneous activity increased 26.'(,
from a control level of 14-44. + 1.43 to 18.33 =- 220 DISCUSSION

sec - t . In c osideration of the fact that any depolarization- The first series of experiments con erning the source of
coupled X EPP activation would be reduced considerably MEPP activation suggest that thr toxin-potentiated
by the el ated magnesium concentration, this change spontaneous activity was the result of depolarization of
was assumr to be maximal and similar in magnitude to the presynaptic nerve terminals.
that obse ed in the mouse intercostal preparations. Previonsly, del Castillo and Katz (6) and Liley (19)
Despite th potentiation of the spontaneous release, there have shown that depolarization by presynaptically
occurred- definite reduction in the amount of trans- applied cathodic currents increases the MEPP frequency
mitter liberated by the nerve spike: the quantn content but does not affect the amplitude. Depolarization by

increasing the external potassium ion concentration also

TABLE 4. Effect of tetanus toxin on MEPP frequency and has been shown to accelerate the frequency of miniature
quantal content in rat diaphragm at 37 c discharge, the logarithm of the MEPP frequency being

Control Fiber*, Tet Fiberst .l linearly related to the amount of depolarization produced
at the respective potassium concentrations (ib). Such

MEPP freq. I4.444 .43 18.3342.2° +26.9 potentiation of MEPP discharge by depolarization (pro-
"4"- SE, scC

-
' duced either by presynaptically applied cathodic currents

No. of fibers (30) (22) or elevated potassium concentrations) has been shown to
require calcium; it is enhanced by raising the calcium

M d: SE i.39.06 i .07=0.02 -23.o concentration and depressed by raising the magnesium
No. of fibers (.26) (18)" concentration (6, 13, 19).

* Neuromuscular transmission partially blocked with io.o The acceleration of MEPP frequency by tetanus toxin
mu Mg + and 1.5 mu Ca"+; m calculated from ratio of the is consistent with presynaptic depolArization. Accelera-
mean EPP/mean MEPP during repetitive stimulation at 25
cycles/sec. t In the presence of 8.759 X 1o-i mg/ml crude tion did not occur when calcium was absent and was

tetanus toxin (TD5 9 4 B) final bath concentration. potentiated as the calcium concentration was elevated.

L1
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TABLE 5. fffet of Ittnus toxin on sustazined no inifluence on the NIEPP activation by toxin, it is also
tranlsmitter release at 37 C unlikely that chloride is the ionic species involved.

ContmIrol i Treo Fie The second series of exprimnents demonstrated that
Av RP 71-.3 72.1 toxin redunces the qutantuin content in both initial and
Avg m _+ sr. 109-7:1-3.3 79.2 *4-5 sequiential stintiis-evoked EPP's, hut does not alter the
No. of fibers (39) (40) rate of transmitter replenishiment. z~he similarities be-

Neuroinuscular conduction partially blocked by d-tubo. tween the effects of cathodic depolarization and tetanuts
curarine .t-5 X io- gli. m Calculated front ratio of the toxin on spontaneous transmitter release raises the qtles-
variance to the inean EPP amnplitude during repetitive stiuuula7 tion as to whether presynaptic depolarization may also
tion at 5n cycles/sec. t In the presence of 1.75 X( t' 'ng/-Ii accouint for the observedi reduiction of end-plate potent'al

tetnustoxn T)'j 4B) final bath concentration. quiantumn content. It is generally believed that at the

In the ease of high mnagnesituni no coniclusion couild be syuap Ise the magnitude of the postsynaptic activity Is

drawn. Depolarization of the nerve terminals by partl a ucin ftepesnpi piehih
11W brugt aoutbyinceasngtheextrni '" Hubbard and Schmiidt (14) showed that at the ain-

potssuii, inalian ncuironisctlar juntction the logarithmn of the
abolished the effect of toxin. In addition, these findings aiplituide of the EPP varies linearly with the amiplituide
demonstrate that the NIEPP's activated by toxin are of the presvnaptic spike potential. In otheti buidics
those calcium-associated, litL1Aedat (Juadta H,,bbard and Willis (15) demionstrated that at both the
which are released by voltage changes generated across craidan th agsiu-piodneom stlr

therze nerv thelm nigesm-piooc nuenubrane.la
the obse ervin thattoxnexete noefetwhn jnction, dutring the passag~e of depolarizing cuirrents on

The bsevaton hattoxn exrte noeffct hen the presynaptic terminals, the EPP's elicited by stiiuuila-
magnsiu mois ereabsnt rom theextrna meium tion of the phrenic nerve were reduced in amplitude. The

was an uinexpected result (Fig. 2). However, the previouis reduction of the EPP anmplittide, expressed as a fraction
finding (to) that 7 kcal is required for the MEPP- o h oto mltdws ntereprmns
potentiating action of toxin suggested that this process linearly related to the strength of the depolarizing
mnight be enzymatic. If that is the case, it is not unlikely
that inagnesim ions are essential to, or at least a cuirrent. As in the present toxin experiments, there

cofatorsin, tichan tizviati prares occurred no change in the amplitude of MEPP's recorded

The mneans by which to~xin acts to depolarize the nerve in the mnagnesium-poisoned preparations, showing that
terminal is not clear. It wouild appear that there occuirs the change in EPP size was not a postsynaptic effect. The
a change in the conduictance properties of the nerve evidence front both Hubbard and Willis' experiments
terminal to one, or to a combination, of ionic species. and the toxin experiments presented here is therefore
Froin the present data neither sodium nor potassium taken to iuican that the peripheral neurommtiscumlar
alone seems responsible for the potential changes. Fromn properties of tetatnus toxin resuilt fromn depolarization of
the fact that ioo'; subhstituition of NaNO3 for NaCI had the miotor nerve terminals.
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